INTRODUCTION
Phenolipids are gaining importance in lipid based systems due to the poor lipophilicity of the commercially available and synthetic phenolic antioxidants 1, 2 . Also most of the widely used synthetic phenolics such as butylated hydroxy toluene BHT , butylated hydroxy anisole BHA and tertiary butyl hydroquinone TBHQ are not considered safe due to their suspected role as promoters of carcinogenesis. Due to this, utilization of natural phenolic acids, which occur abundantly in fruits, vegetables, spices and aromatic herbs is increased and are known to possess interesting biological properties 3, 4 . Many phenolic compounds such as p-hydroxy phenyl acetic acid, p-coumaric acid, sinapic acid, ferulic acid, caffeic acid and 3, 4-dihydroxy benzoic acid were used for the preparation of structured or modified lipids in which these phenolic acids were either incorporated into the triacylglycerols or lipophilized with fatty acid derivatives 5 10 .
There is a growing interest for producing lipophilic phenolic antioxidants combining fatty acids having beneficial effects and functional phenolics 11 . These products would confer the beneficial effects of both the fatty acid and the phenolic compound in one chemical entity. Butyric acid is one such fatty acid which has important physiological functions and derivatives containing butyric acid are gaining considerable interest as it is reported that butyric acid acts as anticancer agent in many in vitro studies 12 . It is reported that butyric acid inhibits histone deacetylase thereby causing hyperacetylation of histones which leads to changes in gene expression and cell morphology 13 . Many butyric acid producing prodrugs have thus been developed with the aim to release butyric acid free at the target location in the body as application of free butyric acid is limited due to its high solubility in aqueous environment and poor pharmacological properties. It was shown that esters and other derivatives of butyric acid improve the permeability across cell membranes and help in efficient delivery of butyric acid to a sub cellular target 14, 15 . There are recent reports on synthetic derivatives containing butyric acid and lipids as components which include phospholipid analogs, ether lipids, cholesterol esters and steryl esters as prodrugs aimed at providing butyric acid prodrugs 16 18 .
Therefore, it would be interesting to investigate on the synthesis and evaluation of hybrid molecules comprising both phenolics and butyric acid. To date, there are very few reports on the lipophilization, characterization and evaluation of phenolic compounds with butyric acid and there is an increasing interest observed for the synthesis of this type of molecules 19, 20 . As a part of our ongoing research to prepare novel lipophilic antioxidants from phenolic compounds 21, 22 , we wish to report the synthesis and characterization of a novel lipophilic phenolic compound derived from ferulic acid Fig. 1 . The prepared molecule could serve as a lipophilic antioxidant and as a potential prodrug of butyric acid as it yields 2 moles of butyric acid when metabolized and also there could be a possibility of enhancement of the lipophilicity of both butyric acid and the phenolic moiety.
EXPERIMENTAL

Materials
Ferulic acid and 2, 2-diphenyl-1-picrylhydrazyl DPPH radical were purchased from Fluka Buchs, Switzerland . tert-Butyl dimethyl silyl chloride, dimethyl amino pyridine DMAP were purchased from ACROS New Jersey, USA . Butyric anhydride, butanol were purchased from Aldrich USA . Camphor sulfonic acid CSA was purchased from Lancaster England . Silica gel 60-120 mesh for column chromatography was purchased from Acme Synthetic Chemicals Mumbai, India and pre-coated TLC plates silica gel 60 F 254 were purchased from Merck Darmstadt, Germany . All solvents were purchased from SD-fine chem. Mumbai, India and were of the highest grade of purity, and were used without further purification. The bacterial test organisms and the fungal strains were obtained from the Institute of Microbial Technology, Chandigarh, India. The medium was procured from Himedia Laboratories Mumbai, India . 15 mL were cooled to 0 in an ice water bath and to this tertiary butyl dimethyl silyl chloride 10.6 mmol, 2 g was added. After few minutes dimethyl amino pyridine 4.4 mmol, 500 mg was added and the reaction was magnetically stirred while allowing the temperature to reach 25 . The progress of the reaction was monitored by TLC. At the end of the reaction period, the crude product was poured into water and extracted with dichloromethane 3 75 mL , and the combined organic layer was washed with water, dried over anhydrous sodium sulfate and concentrated. This crude reaction product was passed through a short column of basic alumina to obtain the pure compound 3 as colorless oily liquid in 83 yield 2.6 g .
Instruments
IR and N-methylmorpholine N-oxide 7.6 mmol, 1 g solubilised in t-butanol: H 2 O 5:1 v/ v; 5 mL and stirred for 5 minutes at 25 . To this mixture, compound 3 2.3 g, 6.3 mmol dissolved in the same solvent 10 mL was added slowly over a period of 5-10 minutes and the reaction mixture was stirred at room temperature for 12 hours. After completion of the reaction TLC , the cooled to 0 in an ice bath. To this cooled solution, camphor-10-sulphonic acid 1.3 mmol was added and stirred for few minutes. Then, the ice bath was removed and the reaction mixture was stirred at room temperature. After maximum conversion, the reaction was quenched by adding aqueous sodium bicarbonate solution and the reaction mixture was extracted with dichloromethane 3 5 mL and the combined organic layers were washed with water and dried over anhydrous sodium sulfate and concentrated. The crude reaction mixture was purified by column chromatography using hexane/ethyl acetate to obtain the pure phenolic compound 6 as colorless liquid in 68 yield 390 mg .
IR This assay was performed according to previously reported protocol 23 . Briefly, 2 mL of methanolic solution of DPPH radical 0.1 mM was mixed with 200 μL of synthesized compound in 1 mM and 2 mM concentrations in methanol, and made up with methanol to a final volume of 3 mL. After 40 min in dark, the absorbance of the mixture was measured at 517 nm against methanol as blank. BHT 1 mM concentration was used as positive control. The radical scavenging activity of the tested samples, were evaluated by comparison with a control 2 mL of DPPH radical solution and 1 mL of methanol . Each sample was measured in triplicate and averaged. The free radical scavenging activity FRSA was calculated using the formula: FRSA A c A s /A c 100, where A c is the absorbance of the control and A s is the absorbance of the tested sample after 40 min.
Autoxidation of linoleic acid in micelles
This assay measures the rate of inhibition of autoxidation of linoleic acid by an antioxidant in micellar solution and was performed as described earlier 24 . Linoleic acid 2.5 10 3 M was dispersed with 0.5 Tween 20 in phosphate buffer at pH 6.9 containing 10 2 M concentration of reference antioxidants ferulic acid and dodecyl gallate or synthesized phenolic lipid. Samples were left in air and in dark for 5 days at 50 . Samples without reference and the synthesized antioxidants and the controls without linoleic acid were also incubated under the same conditions. The autoxidation of linoleic acid is accompanied by the generation of conjugated diene, which was measured by UV at 234 nm. Samples were diluted 20-fold with phosphate buffer before measuring the absorbance. A decrease in the rate of formation of conjugated diene indicates the increased antioxidant activity of the compound added to the micelle of linoleic acid.
Antimicrobial activity
The prepared derivative was tested for both antibacterial and antifungal activities by well established procedures 25 .
Antibacterial activity
Antibacterial activity was tested against two representative Gram organisms, viz., Bacillus subtilis and Staphaylococcus aureus, and four Gram organisms, viz., E. coli, Pseudomonas aeroginosa, Pseudomonas oleovorians, Klebsiella. Briefly, cultures of test organisms were maintained on nutrient agar slants and were subcultured in petri dishes prior to testing. The ready-made nutrient agar medium composition: peptone, 5.0 g; beef extract, 1.5 g; yeast extract, 1.5 g; agar, 15.0 g; NaCl, 5.0 g was suspended in distilled water 1000 mL and heated to boiling until it dissolved completely pH 7.4 . The medium and the petri dishes were autoclaved at 120 and at a pressure of 15 lb/ inch for 20 min. Stock solutions were prepared by dissolving synthesized phenolic compounds in acetone 2 mg/mL . Different amounts of stock solution 50 and 75 mL were added to the medium using a micropipette to have a concentration of 100 and 150 mg/L of pure compounds. The plates were incubated at 37 for 24 h. Three replicates were performed for each treatment. Streptomycin was used as a positive control for antibacterial activity.
Antifungal activity
The antifungal activities were studied against four fungal strains, namely C. albicans, S. cerevisiae, R. oryzae and A. niger. Cultures of test organisms were maintained on potato dextrose agar PDA slants and subcultured on petri dishes prior to testing for antifungal activity using the agar cup bioassay method. The commercially prepared PDA medium of composition: potato infusion, 200 g, dextrose, 20 g and agar, 15 g was used in this study. The PDA medium 39.0 g was suspended in distilled water 1000 mL and heated to boiling until it dissolved completely pH 5.6 . The medium and the petri dishes were autoclaved at 120 7C and at a pressure of 15 psi for 20 min. The medium was poured into sterile petri dishes under aseptic conditions in a laminar flow chamber. When the medium in the plates had solidified, 0.5 mL of test culture was inoculated and uniformly spread over the agar surface. Solutions were prepared at two concentrations 100 and 150 mg/mL by dissolving the test compounds in acetone. After inoculation, cups were scooped out with a 6-mm sterile cork borer and the lids of the dishes were replaced. The different concentrations 100 and 150 mg/mL of test solutions were added separately to each cup. The treated and the control cups were kept at 27 for 48 h. The diameters mm of the inhibition zones were then measured. Three replicates were maintained for each treatment. Amphotericin-B was used as a positive control.
RESULTS AND DISCUSSION
Synthesis of phenolic lipid 6
Ferulic acid was modified to a phenolipid containing butyric acid as short chain functional fatty acid. The synthetic scheme followed is shown as Scheme 1.
Ferulic acid 1, E -3-4-hydroxy-3-methoxyphenyl acrylic acid was first converted to its butyl ester, E -butyl 3-4-hydroxy-3-methoxyphenyl acrylate 2 with butanolic HCl produced by adding 10 ml of acetyl chloride into 50 ml in 90 yield 26 . The phenolic hydroxyl of compound 2 was protected as TBDMS ether to obtain E -butyl 3-4-tertbutyldimethylsilyloxy -3-methoxyphenyl acrylate 3, which was dihydroxylated using resin-OsO 4 catalyst to obtain the corresponding diol 27, 28 , butyl 3-4-tert-butyldimethylsilyloxy -3-methoxyphenyl -2, 3-dihydroxypropanoate 4 with a yield of 75 . The diol was esterified with butyric anhydride using DMAP to produce 3-butoxy-1-4-tert-butyldimethylsilyloxy -3-methoxyphenyl -3-oxopropane-1, 2-diyl dibutyrate 5 in 76 yield. Finally compound 5 was subjected for deprotection of TBDMS ether with camphor sulphonic acid to give the final compound 3-butoxy-1-4-hydroxy-3-methoxyphenyl -3-oxopropane-1,2-diyl dibutyrate 6 in 68 yield. The product of each step was purified by column chromatography and the pure compounds were characterized by IR, 1 H-NMR and mass spectral data and the final product was also characterized by 13 C NMR and high resolution mass spectra HRMS . It is interesting to observe that each step in the synthesis can be monitored by IR spectroscopy as there is a distinct change in the functional groups especially the hydroxyl functionality. The synthesis proceeded smoothly for all the steps at ambient temperatures with excellent isolated yields for both the intermediates and as well as the final product.
Antioxidant activity
The antioxidant activity of the prepared compound was evaluated by two in vitro methods employing UV absorption studies. All the antioxidant assays were performed according to methods described in the literature.
DPPH radical scavenging assay
The first among the UV absorption method is a DPPH radical assay, a non-enzymatic method widely used to obtain basic information on the reactivity of compounds to scavenge the stable free radical, 2, 2-diphenyl-1-picrylhydrazil DPPH . The advantage of this assay is that the DPPH radical is commercially available and does not need to be generated before assay like in other assays. DPPH, a stable free radical was used to evaluate the antioxidants for their radical quenching capacity at 517 nm by a proton donor an antioxidant , to get a nonradical form diphenyl picryl hydrazine and is observed as a change in colour from purple to light yellow. The assay was conducted at two different concentrations of antioxidants 1 and 2 mM in a polar homogeneous medium. The radical scavenging activity of the prepared derivative 6 was compared with the commercial food grade antioxidants and the results are depicted in Table 1 . It can be observed that the prepared phenolic lipid was showing the radical scavenging activity according to DPPH radical assay. However, it is observed that the prepared lipidic prodrug derivative exhibited lower radical scavenging activity compared to the reference compounds in both the tested concentrations. The results mentioned are the average values of three independent measurements. The radical scavenging activity is found to be in the following order: compound 6 < α-tocopherol < dodecyl gallate < ferulic acid.
Autoxidation of linoleic acid in micelles
The second antioxidant activity method was evaluated by the method of autoxidation of linoleic acid in micellar medium to compare with DPPH radical assay which was conducted in a polar hydrophilic medium. For a compound to act as lipophilic antioxidant, the solubility and distribution in a micellar matrix is considered important. The rate of autoxidation of linoleic acid in micelle was conducted in presence of natural and the synthesized phenolic compound. Initially the auto oxidation of micelles of linoleic acid is accompanied by a rapid increase of conjugated diene, which is measured by UV at 234 nm. In control sample, the formation of conjugated diene was found to reach maxima in 36 h. The autoxidation of linoleic acid was found to be markedly inhibited due to the addition of reference antioxidants as well as synthesized phenolic lipid 6 as shown in Fig. 2 . This is evident from the negligible formation of conjugated diene in 36 h. After 120 h of incubation, the inhibition of conjugated diene formation by the synthesized lipidic prodrug 6 is found to be better than the parent phenolic substrate ferulic acid and dodecyl gallate and was at par with α-tocopherol. Inhibition of autoxidation of linoleic acid by the references as well as synthesized compound is found to be in the following order: α-tocopherol > compound 6 > dodecyl gallate > ferulic acid. This difference in the activities in antioxidant assays could be due to the differences in solubility characteristics of the prepared derivative in the tested methods which is an important physicochemical parameter for radical scavenging activity 29 .
Antimicrobial activity
The synthesized compound was also subjected to antimicrobial activity evaluation 25 . The antibacterial acitivity data, as shown in Table 2 shows that the synthesized phenolic lipid exhibits modest antibacterial activity against the tested bacterial strains. However, it was observed that the prepared phenolic lipid was ineffective against all the tested fungal strains. The synthesized lipidic prodrug has shown good activity against Gram -ve bacteria compared to Gram ve bacteria in general. Among the Gram -ve strains tested, the maximum activity was observed against P. oleovorians followed by P. aeroginosa whereas it exhibited lower activity against the other two Gram -ve strains, namely E. coli and K. aerogenes. It was found that the compound showed moderate activity against the two Gram ve strains tested. There was a slight increase in antibacterial activity when the concentration of the test compound 6 was increased from 100 to 150 μg/mL. The lipophilicity and drug likeness characteristics of the prepared novel phenolic derivative were calculated using Molinspiration software, which is based on fragmental methods available online at www.molinspiration.com 30 .
The software provides data on the physico-chemical parameters and theoretical drug likeness properties for chemical compounds. The data presented in Table 3 explains that the synthesized molecule in the present study has all the properties needed if it is intended for use as a potential prodrug candidate fulfilling the drug likeness properties. It can be observed that these properties suggest that the reported derivative could have better absorption and permeation according to the theoretical values obtained for drug likeness which are in the acceptable range defined according to the rule of 5 of Lipinski s rule and has no problems for solubility and permeability thereby improving the bioavailability 30 .
CONCLUSIONS
In conclusion, in the present study we have described the synthesis and characterization of a novel lipidic prodrug with phenolic moiety which could have potential applications as lipophilic antioxidant and as a prodrug of butyric acid. It can serve as a potential prodrug of butyric acid for colon cancer studies as the butyrates are limited due to their hydrophilicity followed by poor bioavailability. The synthetic route is simple with excellent yields and preliminary examination of antioxidant activity revealed some promising results in the antioxidant assay. Further investigations are required to establish and confirm the release of butyric acid for anti cancer activity studies. Based on these results, it can be suggested that the novel phenolic derivatives with butyric acid could result in compounds which can have applications in food and pharma industries.
